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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -
Electroacoustical transducers —
Measurement of large signal parameters

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

PAS is a technical specification not fulfilling the requirements for a standard but made

available to the public.

IEC-PAS 62458 has been processed by IEC technical committee 100: Audio, video and
multimedia systems and equipment.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document:

Draft PAS Report on voting
100/991/NP 100/1058/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of three years starting from
2006-02. The validity may be extended for a single three-year period, following which it shall
be revised to become another type of normative document or shall be withdrawn.
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INTRODUCTION

The behaviour of loudspeakers is traditionally described by parameters according to IEC
60268-5, assuming a linear behaviour. By adding parameters, derived from a non-linear
model, a more precise description can be made for design purposes and quality control in
order to get a more reproducible behaviour for the manufacturing of equipment.

The dominant non-linearities in electro-dynamical transducers are directly related to the
displacement x of the voice coil. The force factor, Bi(x), of the motor, the voice coil

inductance, L¢(x), and the stiffness, K(x), of the mechanical suspension are not constant but
vary significantly with the instantaneous displacement, x. This generates distortion and limits
the maximal output of the transducer. The measurement of harmonic and intermodulation
distortion according to IEC 60268-5 with special test stimulus only gives characteristic
symptoms of the non-linearities. The measurement of the non-linear parameters reveals the
physical cause of the dominant distortion directly. This information is not only important for
loudspeaker diagnostics but also for the synthesis of loudspeaker systems and the
development of electrical control systems dedicated to loudspeakers.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



PAS 62458 © IEC:2006(E) -5-

SOUND SYSTEM EQUIPMENT -
Electroacoustical transducer —
Measurement of large signal parameters

1 Scope

This PAS applies to transducers such as loudspeakers, headphones, shakers, and other
actuators using either an electro-dynamical or electro-magnetic motor coupled with a
mechanical suspension. The measurement results are needed for engineering design
purposes and for quality control.

The measurement method provides the parameters of a non-linear large signal model (as
shown in Figure A.1) which describes the effect of the dominant non-linearities inherent in
those transducers. The basic terms and measurement conditions are defined for static and
dynamic methods.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60268-5, Sound system equipment - Part 5: Loudspeakers

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

force factor, Bl(x)

coupling factor between the electrical and the mechanical side of the electro-dynamical
transducer describing the relationship between driving force

F = Bl(x)xi (1)
and electrical input current i and back EMF

Ugye = Bl(x)xv (2)
and velocity v of the coil

3.2

electrical coil impedance, Z,

ratio of the complex amplitudes of electrical voltage and current at the terminals for a small
sinusoidal excitation if the voice coil is mechanically clamped and no back EMF is generated
(uemr = 0). The electrical impedance also depends on the position x of the voice coil. The
electrical coil impedance, Z,, may be approximated by a lumped parameter model (Figure 1)
using the d.c. resistance, R, the inductance, L¢(x), and additional shunted inductances, (Rx(x),
L,(x)), to model the electrical input impedance of the transducer at higher frequencies
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3.3
stiffness, K(x), of the suspension
stiffness describing the restoring force

Fp =K(x)x (3)

of the suspension generated by a displacement x

3.4
compliance, C(x), of the suspension
reciprocal quantity, C(x ) = 1/K(x), of the mechanical stiffness, K(x)

3.5

maximal peak displacement, xyaxq

deplacement which considers the distortion in the loudspeaker’s output signal. xyax. is defined
as the voice-coil peak displacement at which the maximum value of either the total harmonic
distortion, d; or the second-order modulation distortion, d, or the third-order modulation
distortion, d3 in the radiated sound pressure is equal to a defined threshold, 4 (used as
SUbSCFipt in xMAXd).

The driver is excited by the linear superposition of a first tone at the resonance frequency,
f1=/s, and a second tone, f> = 8,5/, with an amplitude ratio of 4:1. The total harmonic
distortion, d; assesses the harmonics of f; and the modulation distortions, d, and ds are
measured according to IEC 60268-5. It is recommended that the driver be operated in a baffle
(half-space) to measure the sound pressure in the near field and to use the threshold d = 10%
and to state xyax1o.

3.5
force factor limited displacement, xp,
factor implicitly defined by the minimal force factor ratio

Blmin (xBl) = 7XminX [g?ig;

]XIOO% ()

which is the ratio of the minimal value of the force factor, Bl(x), in the working range,
txp,,referred to the B/ value at the rest position x = 0. After defining the threshold, B/, the
peak displacement, xg can be found in the non-linear B/(x)-characteristic

3.6
inductance limited displacement, x.
displacement implicitly defined by maximal variation of the electrical input impedance

Z,(x, /)= 2.0, 1,)
Ze (09f2)|

Zw (X,) = max x100 % (5)

—Xp<x<X|

at frequency f> = 8,5 f; (using the resonance frequency, f;) within the working range —x, < x <
x, referred to the impedance at the rest position x = 0

3.7
compliance limited displacement xc
displacement implicitly defined by minimal compliance ratio

Cpia(ic) = min (%} X100% (6)
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which is the ratio of the minimal value of the force factor, C(x), in the working range *xc¢
referred to the C value at the rest position x = 0. After defining the threshold Cpin the
displacement limit, xc can be found in the non-linear C(x) characteristic

3.8

excursion limit, ximit

limit describing the maximal travel of the coil without considering the distortion in the output
signal. This value may be derived from the geometry of the moving coil assembly and the
suspension but should be verified by practical testing to ensure that the loudspeaker can be
operated up to x;nm;t without being damaged

3.9

static method

measurement technique which determines the non-linear parameters of the transducer by
using a d.c. signal of certain magnitude U; (for example, voltage) as stimulus. To measure the
non-linear parameters within the working range —xpeak < X; < xpeax With sufficient resolution,
multiple measurements are performed where the magnitude of the d.c. stimulus is changed
(for example, voltage U; =i X Ugep, With T = 1,... N). At each working point, i, the
displacement, x; and other relevant state variables (force F;, current i;) are measured after the
transducer has reached steady state. Due to the visco-elastic behaviour of the suspension
material, the settling time may exceed multiple seconds. The values K(x;), Bl(x;) and Le(x;) at
the working point, x; are estimated by using equations (1), (3) and (4)

3.10

point-by-point dynamic method

measurement technique which determines the non-linear parameters of the transducer by
using a d.c. signal, U, (for example, voltage), superimposed with a small a.c. signal, U, as
stimulus. To measure the non-linear parameters within the working range —xpeak < X; < Xpeak
with sufficient resolution, multiple measurements are performed where the magnitude of the
d.c. stimulus is changed (for example, voltage U; =i X Ugep, With i = 1,... N). At each working
point, i, the d.c. displacement, x;, and other relevant d.c. and a.c. state variables (a.c. part of
the displacement, x,., force, F., current, i,;) are measured after the transducer has reached
steady state. Due to the visco-elastic behaviour of the suspension material, the settling time
may be multiple seconds. The amplitude of the a.c. stimulus is sufficiently small to ensure that
the transducer behaves linearly (K(x;+xa.) = const., Bl(x;+x5.) = const. and Le(x;+x,c) = const.).
The parameters of a linear loudspeaker model are estimated at the particular working point, x;,
by using the measured a.c. state variables only. Whereas some small signal parameters
(force factor Bl(x;) and inductance L(x;) are identical to the large signal parameters measured
by other methods, this technique provides the incremental stiffness, Ki..(x;), which has to be
transformed into the regular stiffness by integration

mc

K(x) =§]K. (x)dx 7)

3.11

full dynamic method

method determining the non-linear parameters of the transducer by using an audio-like a.c.
stimulus of sufficient amplitude to operate the transducer in the full working range. Relevant
state variables (voltage, current, displacement) are measured and are the basis for the
identification of non-linear parameters giving an optimal fitting of the non-linear model (for
example, lumped model in Figure 1) to the particular transducer. Usually, no d.c. signal is
used as stimulus
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Test equipment

The essential elements of the test equipment needed are as follows:

a)

b)

d)

6

means for generating a stimulus supplied to the transducer;

sensors for measuring relevant state variables (voltage, current, force or displacement) at
the transducer;

means for estimating optimal parameters of the lumped parameter model which explains
the relationship between the measured state variables.

Test method

The transducer is operated under working conditions, which corresponds to the final
application.

The loudspeaker is excited by a stimulus which operates the transducer in the
permissible working range.

Relevant state variables are measured at the transducer.

The optimal parameters of the model are estimated by minimizing the error between
modeled and estimated output.

Test result

Measurement conditions, such as mounting of the transducer (horizontal or vertical position,
enclosure, free air, etc.), shall be reported.

The non-linear parameters (for example, force factor, Bi(x)) shall preferably be reported as a
graphical representation showing the parameter as a function of state variable (for example,
displacement, x, as shown in Figures 1 to 3). Positive displacement, x, corresponds to a
deflection of the coil away from the back-plate. It is recommended that the displacement axis
be labeled with verbal comments to support the orientation of the coil-in and coil-out position.
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Figure 1 — Force factor, Bl(x), versus displacement, x
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Figure 2 — Inductance, L.(x), versus displacement, x
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K(x)

W

N/mm
1,50
1,25
1,00
0,75
0,50
0,25
0,00

/

LLTTT{TTTT[TTTT{TTTT[TITT[TTTT{TTTT

-5,0 -2,5 0,0 2,5 50 mm
<< Coil in x Coil out >>

Figure 3 — Stiffness, K(x), versus displacement, x

Alternatively, the displacement varying parameters Bl(x), L.(x) and K(x) may be reported by
the coefficients b;, I; and k;, of the power series expansion

N .
Bl(x)= bx' (8)
i=0
N .
Lo(x)= ) ' (9)
i=0
N .
K(x)szixl (10)
i=0
respectively, with =0, 1, ... N. The peak displacement, xpea, oOccurring during the

measurement, which describes the limits of the valid fitting range, is also presented.

The peak displacement, xuwaxs, shall be reported with the specified distortion threshold, 4,
used. For example, for the threshold d =10 %, the peak displacement is stated as

Xmax10 = 2 mm

The peak displacements xg, xc and x_ limited by force factor, compliance and inductance,
respectively, shall be reported with the minimal force factor ratio, Blyi,, the minimal
compliance ration, C.,, and the maximal impedance ratio, Z,.x, used as threshold. For
example,

xg| = 3 mm (Blmin =82 %)
Xc =2 mm (Crmin = 75 %)
XL = 4 mm (Zmin = 10%)

To keep the peak displacement, xyax10, cOmparable with the peak displacements xg;, xc and x_
related to the dominant non-linearities, it is recommend that Cnin = 75 %, which generates
about d; =10 % total harmonic distortion, and B/min=82 % and Zyn.x= 10 % causing about
10 % modulation distortion, be used.
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Annex A
(informative)

Additional information

A.1  Lumped parameter model

Ly(x)

| (

Figure A.1 — Lumped parameter model of an electro-dynamical transducer

Figure A.1 shows the electrical equivalent model of an electro-dynamical transducer using
lumped elements R, Le(x), Lo(x) and Ry(x) to represent the electrical coil impedance Z(x,f).
The force factor Bl(x) is represented as a transformer coupling the electrical with the
mechanical side. The mechanical and acoustical systems are lumped to a resonator
comprising a moving mass, m, a stiffness, K(x), and a resistance R. The displacement varying
inductances Le(x) and L,(x) cause a reluctance force Fp, (x,/) which may be interpreted as an
additional electro-magnetic driving force.

A.2 Memory effects of the suspension

The properties of the suspension material depend not only on the ambient conditions but also
vary significantly with time. There are non-reversible processes related with the breaking-in
and the ageing of the suspension. There are reversible processes which are related to the
visco-elastic behaviour of the suspension material. For example, a displacement of a spider
causes a temporary deformation of the fibre geometry which is the cause for the creep effect
[3]1 and loss of stiffness K(0) at the rest position x = 0 after performing a large peak
displacement x,eak [4]. The memory of the suspension causes significant differences between
the results of static, point-by-point dynamic and full dynamic methods. Since only the dynamic
method uses an audio-like excitation signal, this method is able to describe the behaviour of
loudspeakers under normal working conditions.

A.3 Interpretation of the large signal parameters

The variation of the non-linear parameters (for example, force factor Bi(x)) versus state
variables (for example, displacement x) reveals the relationship between the constructional
and geometrical properties of the transducer and the non-linear distortion generated in the
output signal. Asymmetrical variations, caused by an offset of the coil, for example, mainly

1 Figures in square brackets refer to the Bibliography.
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contributes to second-order distortion while symmetrical variation (caused by a low voice-coil
overhang) contributes to third- and other odd-order distortion.

Displacement varying force factor and inductance can produce significant intermodulation
distortion between a low-frequency tone and any other tone in the audio band. The non-linear
stiffness produces distortion components close to the resonance frequency.

While the parameters Bi(x), K(x) and L.(x) represented as graph or power series expansion
gives full information on the transducer non-linearities within the measured working range,
the peak displacements xg;, xc and x. and x;iit are a result of a significant data reduction [2].
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(1]

(2]

(3]

[4]
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